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TEM of Polystyrene Spheres
300 nm (QLYS)

SPSOOTA < > 340 nm
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A) Polymerized crystalline colloidal array
(PCCA)

B) Photograph of typical PCCA showing bright
iridescence.

C) Asthe hydrogels shrink and
swell, the lattice spacing of the CCA
locked within changes as well.

Thus, the volume changes of the gel
can be observed by monitoring the
change in diffraction.
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Diffracting Materials for
Chemical Sensing
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@ Polystyrene colloid.
)- Side group capable of molecular recognition.

* Substrate to be recognized.
¢z Hydrogel matrix.
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We constructed cation and anion sensors by attaching
chelating agents to the PCCA. Chelation of the analyte ion
results in immobilization of the counterion which results in
an osmotic pressure which swells the gel and red shifts the
diffraction in proportion to the analyte concentration.
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Glucose Oxidase Reaction M echanism
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1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide
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Extinction
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Gel Particulate Colorimetric Reagent
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Chemical (glucose) Sensing
Fantasies

Fig. 1 Concept for glucose sensing device
for tear fluid and for implants. The color
diffracted defines the glucose concentration.

Gluooview™ Glucovien
Ocular Insat Diagnodtic Contact Lens Subcutaneous Insart

Glucoview






PCCA Sensing Array for Glucose, pH,
Recreational Pharmaceuticals and
Alcohol, Stress Hormones, etc.

Subcutaneous Sensors
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Application of Nanoscience for Chemical Sensing
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Periodic Table of the Elements

s-hlock
1 Mew Designation
14  Ornginal Designation
1

1.0034 2

A s-block T

d-biock

H Atornic #
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Non-Metals
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From Hyper Chemistry on the Web! http://library.thinkquest.org/2690/ptable/ptable.html
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Nanotech: Process and Materials Development

The “Diatomic Molecule” of Nanosynthesis.

Chemical ? .
synthesis ©®

Rational control of microsphere assembly.

Nano
synthesis
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Nanosynthesis for Materials Development

nanospheres s
i [
[l nanotubes
L, nanonetworks
“Nano synthesis
Nanofragments. > Functional nanodevices.

What do we need to succeed?

Anisotropic building blocks. (atoms, molecules)
Bonding strategies - nanoadhesives. (bonding)
Techniques for handling - dispersion. (solvation)
Separation and purification methods

Payoff: Unlimited capacity to prepare
mesoscale structures.
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Crystalline Colloidal Self-Assembly:

MOTIF
FOR
CREATING SUBMICRON

PERIODIC SMART MATERIALS
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CRYSTALLINE COLLOIDAL ARRAYS
CONTAINING MOLECULAR RECOGNITION

AGENTS: CHEMICAL SENSING MATERIALS

A MOTIF FOR SENSING

ALL MANY, soME arew

CHEMICAL SPECIES
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Mesoscopically Periodic

Materials
CCA  PCCA SCCA IPCCA
e e
0@
® 5040
@
Self-Assembling  Hydrogel Rigid 3-D Electronically
Diffracting Volume Periodic Chemically
Structure Phase Materials Thermally
Transition Responsive
Materials
Fragile Robust Rugged Smart
Materials
Tunable
Spacings

Optical Filters

Optical Filters
NLO Switches

Optical Limiters Optical Limiters

Optical Filters
NLO Switches

Agile Optical
Filters

Chemical
Sensing

Display
Devices
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Crystalline Colloidal Arrays

1. Fabricated From Colloidal Particles

Sul?ent o X X "
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2. Particles Self Assemble Into 3-D Ordered Crystal
Structure
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For 10" spheres/cc <==> Crystalline Colloidal Array

* L]
- -
vy BT ..._*:_' s Syt et *
= i = e T ae's =
= N X ST T = = s =t
=5 = hy = F AT R AN =
o fa- = e = df oty Y MG T
f.,.*’r‘:“iﬂ‘- T i o kA gl s TIPS
e e e S L o L I P 1) X P
**tt.? _-*‘:_" :"'*'F =t *
‘_Tr "';E_ :_"l'*‘.‘fc _:74.- =] :':f *
o - - - -
W ST e T S
+
It~
+ r~ =t

3,

A
qm +1
'
2
i3
Gk
-
s
1 -
- -::‘
. -
s
Pl
Y
Iy
AT
* ...."‘*4 Y
-* 4
Jinlpe o
]
J3remiy

?
e
£
¢
;

L d
*
L

Spacings only depend upon the Particle Number
Density and Crystal Structure.

Bragg Diffraction occurs with Phenomenal Efficiency
Transmittance < 10 for 0.5 mm Thickness

e Dynamical Diffraction Limit
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